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Heats of Formation of Xonotlite, Hillebrandite, and
Foshagite

Edwin $. Newman

The heate of salution of synthetfc xonotlite, 5Ce( 530, B, hillebrandite, 2Ca0-5ily-

Hy(}, and a aample of naturslly oceurring fosh
mixture of pitric and hydrofuworic seids, and t

ite, SUAC-38i0,-3H,0, were detarmiined in A
ir hasta of [ormation from the oxides were

calculated to be —92.6, — 34,7, and —94.6 klloeslories per maole, respectively.

1. Intreduction

The svatermn CaO-3i0.-AL0-Fey0.-HO includes
the major constituents of portland and high-alomina
cements and the reaction products formed by the
hydration of these mt/ariags. In conmection with
the hydrothermal study of parts of thai system
[£,2]* heing conducted at the National Bureau of
Standards, the heats of solution of the reaction
producta and of related minerals are bemg deter-
mined. The heats of solution of these materielz and
of the reaetantis from which they theoratically can
ba formed are measured in appropriste achd solutions
in B precizion-typa calorimeter. The deta, com-
bined with literature values for the hesty of forma-
tion of the reactants [3], permit the ralculation of
the heats of formation of substances related to the
products of hydration of the cements.  Appropriate
thermochemicsl equations can be written and the
cotaputed heats of reaction can be compared with
ohsarved messurements [4,5] for the further elueida-
tion of the hydration reactions cccwrring between
water and hydraulic cemeants. The present paper

ives the msujlri;a of measurements made with ealeium

dresdde and silica gel as renctants and of synthatic
hillebrandite, 2Ca0.50.-H.(0, and zonotlite, 5Ca0-
5810, H 0, 23 producta. In addition, the hest of
solution of & sampla of the mineral foshesite was
determinad.

2. Materials, Apparatus, and Procedure
2.1. Maferials

Reagent-quslity nitric and hydrofluorie  acids,
caleium earbonates {low alkalij, caleium hydroxide,
and precipitated silica (silivic soid) were used.  Cal-
cium hydroxide for hest-of-solution measnraments
waz prapared by igniting CaC0O, for 72 hours at
1,000° O and treating the resulting Ce() with weter
[10] 2t 250° C for 2 days. The crystals of Ca(OH),
chtained were dried, without washing, in & vasuum

aver esium perchlorate and stored in e tightly
atop bottle in & desiceator over saturated KO
until used. The ignition loss of this material was

1 Fignmes io hrackobs indicoln the litarsbare mferences st the end of this caper,

27

24 30 percent, to be compared with 24.31, percent
caleulated from the formula.

The reagent-quality silicic acid used for the heat-
of-golution measurements had &8 water contant of
12.82 percent and & nonvolatile residue of 0.023
percent when treated with Lvdrofluoric acid. The
gilice was kept over eaturated MgCL-0H, 0 solution
far 2 wecks hefore its heat of sglutiun was deter-
mined. At thaf time the water content was about
20 percent. According to Mulert [0), whose data
ware nsed in calenlating the heat of formation of
Bi0gan given in reference [3], the heat of solution
of hydrated silicie acid per mole of kilice does not
chenge with further incresse in water content,

Xonotlite was preparad from Ca{OH); and sjlicie
acid. These materials were mized together in a
CaQ/310; ratio of 1.000 by tumbling for several
hours in & glass botile with & few wooden halls,
Twenty grama of this mixture was prepared and
heated overnight st 950° C in a platinum_dish,
cooled in & desiccator angd flooded with freshly boiled
distilled water. The dish waa icansferced to a small
bombk and heeted st 250° C. The flooding and
transfer of the dish and the closure of the bomb were
made as rapidly as possible to minimige exposure to
Oy in the air.  The homb was opaned at the end of
2 weekz and the bardened mess of surface-dry
materia] ground quickly to pass through & No, 28
m&rﬂeﬂand dried for 2 hours in s vacuum over Mg
{ 2

Three samples of aynthetic hillsbrandite, C5H(B)
[11], were prepared in i similar menner by hesting
the material with water at 242%, 178%, and 152° C for
7, 16, and 14 days, respectively. Thess samplea
nisu, nz well as selecled Abers of foshapite from Crest-
more, Calif., were crushed rapidly to pass & No, 28
sieve and driad.

The samples were analyzed for 5i0);, Fe,0;4- ALO,,
Ca0, and MgO by the methods deseribed in Federal
Specificetion S5-C-158¢:. Loss on ipnition was
determined by heating 1-g samples at 1,200% C.
The CO; eontent was determined on 2-g samples,
and the water content was taken aa the difference
hetween the loss on ignition snd the €O, content.
X-ray petterns, obtamed by using a recording
X-ray diffractometer with copper radiation 1.5418 A,
were used to confirm the identity of the semples by
comparisgon with published patterns [12].
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The resnlts of the chemical analyses are given in
table 1. For easy comparizon thers arc also ncluded
the analyses of the gilicates computed from the
formulas. The first sample of hillebrandite, pre-
pared considerably hefore the others, was found to
contain excess moisture. It was dried further and
analyzed and its heat of solution agsin measured.
Subsequently, its ignition loss and heat of solution
were redetermined. This mateiizl apprars as hille-
hrandite eamples 1, 2, and 3 in the tables. Figures
in parentheses in table 1 represent its analysis as
s.ampdle 2 computed to its moisture content as samples
1 and 3.

The agreement hetween observed and calculated
compositions was =atisfactory for the synthetic
preparations. The foshagite, however, had under-
zone considerable alteration. The sample conaisted
of selected fibers, taken from & 50-g fibrous mass.
Perhaps 30 porcent of the sample was of =omewhnt
lower index than reported for foshagite, and some
brownizh matertal was pregent.

2.2. Apparatus and Procedure

Tha calorimeter has baen ndequately described
elaewhere [6, 7]. It waa opetsted so that the final
temperature was always within a few hundredths of
a degres of 25°C, Bince the heat capacities of the
reactants were used in computations, the isotharmal
heats of solution at 25°%C were obtained. The energy

vivalent of the calorimeter was determined eleg-
trically, using the defined calotie of 4.1840 absolute
joules. The heat capacities of the samples, intro-
duced at room temperature, were taken as (.2
cal{deg-rr, The ealeulated correction for the sensible
heat introduced with & sample rarely nmounted to as
much as 0,05 calfg.

The acid ehargs used bad & total weight of BOR.0 g,
of which 11.0 {12.6 % wis 48 percent HE, the
remainder being 2.000 N HNG; {at 25° C).  Its com-
]}DB\itIE_I:D theﬁ ore [53‘.]1 wag %:.EDHF, 1.10 “HN 0,
28.10 . e gample weight was generally 1 g
When silica gel contﬁiningm%ﬂ prrcent of Hi}‘ WES
being diszolved, the HF/510, molar ratic was 22.5,
well in axcess of the valua of six, beyond which the

heat of solution of silica in hydroffuoric aeid bocomes
constont [9]. It wos ohaerved that 3-g samples of
portland cement containing about 1.8 g of combined
Ca0 could be dissolved withount praeipitation of
CaF,, but thet when dissolving Ca{OH}; alone the
sample weight had to be reduced to 0.7 g Under
iheae conditione there was no weiphable or wisible
preci]iiltatn of CaF,, but with 0.%3-g samples of
CafftH); a faintly visible haze remained m the
polution after fltretion had removed 08 mg of
precipitated CaF;.  Consequently approximatcly
0.7-g samples of Ca(OH); were used to determine
the heat of sclution of that substance. It was
assumed that the heat of the dilution effects cansed
by the differences in the concentrations of the final
su:-;litiunﬂ were nagligible, and no eorractione weras
made.

3. Resuliz and Discusgion

TLe observed heats of solution wre given in table 2.
The amount of CaCdy, equivalent to the OOy was
ralenlated for ench sample, and ita heat of solution,
E6 calfe [%J‘, deducted from the observed heat of
solution. he total Clal) was reduced by an equiv-
alent amounnt. The baats of solation of the samples
per mola of 80y, A, were calculated by the formula
A=e(1>60.06/P), where & 1= the observed heat of
solution of the sample, corrected for OO, P is the
percentage of ailica in the sample ae given in tabls 1,
and 60,06 ia taken a& the molecular weight of 510,
These colculated values are given in tnhgle 3. Em-
pirical formulas, calculated from table I corrected
for C0;, are alao given in table 3. In making the
foregoing cajculations for the foshapite, an equiv-
alent amount of Ca) was substituted for t.haei”[gﬂ
found by analysis.

The heat of solution of C/52 moles of CafOH), was
caleulated for each sample and added to the hest of
aolation of 1 mole of Sy, 0.928H.0 to determine the
heats of solution of the reactants from which the

1 Conventlonally, Cads, 30y, and Ha oo represenied by the ktisrs C, 5, and
B, recpectivaly, H0a0-31 00 Hyl) heing roprosented by the formela o5 H,
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thiz investigation. These values are given on the
basis of 1 mole of silica. The hydrated calciun
pilicates as oocurring in nature or gz prepared in the

spmples can be considered to be formed by the
equation

QS Ca{OH+ 510, ¢.828H.0—(C/5)Calr-510;.
{HA OO 40828 —HELO+AH, (1}
The sum of the heats of solation of the reactants
minus the heats of solution of the produets is equsl
to the heat of the reaction. The partial molal heat
content of the water in HNG,, 26 3H.0 i= npproxi-
mately 0.002 keal/mole; in HY, 100H0 it is ahout
0.0004 kealfmole [13]. These quaniities, which
repragent approximately the heat of sclution of the
water produced in the reaction, are negligihle.
In tabla 3 are given the calculated heats of reaction
of Ca((OH), and ailica pe! to form the sampiles usad in

laboratory have variahle composition. On the
assumption thet tha heats of resction per mole of
gilice would he the same for the eubstances with
formulas generally accepiod [11], the hests of forma-
Lion of 5Ca055i0,-H,0, 2060510, H.(3, and 5Ca(-
3510y 3H.0 from lime, gqnartz, and liguid water were
caleulated. To perform these calenlations, the hent
of formation [3] of Ca{OH);, 50y aq, and liquid water
were substituted in eq (1} together with the heats of
reaction as cletermined from the heat-of-aolution
meesureniants. The hests of formation of the hy-
drated caleium eilicates were Lhen obtained as Ll{e
sutn of the heatz of formation of the reactants plus
the hest of the reection minus the heat of formation




of the water appearing on the right side of eq (1}.
Using the heats of formation thue ohteined for the
wilicatea, thermochemical equations ware written for
the reactions forming 5Ca0-5310,H0, 2Ca{-5i0k
H.0, and 5Ca(»-25:(} 3H,0 from lime, guartz, snd
ligquid water, and the heats of the resetions eal-
culated in the vsual manner [3]. The values abtained
are given in table 4.

TapLE 4,  Hreals of formotten of hydraded colcium silicates
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o
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4. Summary

The hLeata of eolution of synthetic xonotlite,
hillebrandite, and natural foshagite have been deter-
mined in & mixtare of nitric and hydrofluorie acids,
and their heate of formation from the oxides hava
been caleulated to be —92.6 —34.7, and —946
keal ‘mole, respectively,
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